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S1. Characterization of δ-MnO2
Fig. S1. (a) XRD results of the freeze-dried δ-MnO2; (b) SEM results of the freeze-dried δ-MnO2.
S3
The characterization of δ-MnO2 was confirmed by powder X-ray diffraction (XRD) analysis using Cu Kα radiation. Two characteristic diffraction peaks were 0.242 nm and 0.142 nm (Fig.   S1a ). Figure S1b showed weak crystallinity of δ-MnO2 with grain aggregation. The specific surface area of the δ-MnO2 was determined by a single-point BET N2 adsorption isotherm, with a value of 146.72 m 2 g -1 . The scanning electron microscopy was employed for morphology analysis.
The Mn average oxidation state of δ-MnO2 was 3.95 as determined by oxalate titration method. Since there are not suitable surface complexation models for predicting As(V) binding to δ-MnO2, adsorption isotherm experiments of As(V) on δ-MnO2 were conducted at different reaction pH. Adsorption isotherms reflected As(V) adsorption on an average group of binding sites of δ-MnO2. The reaction of As(V) with δ-MnO2 can be expressed as,
S2. Additional Details of the Model
As(V)
where Kp was the As(V) partition coefficients on δ-MnO2.
The kd value for δ-MnO2 was obtained based on model fitting of the As(V) adsorption and desorption kinetic data in the δ-MnO2 only system. The kinetic equations were solved using an implicit numerical method in Excel. At each reaction time, the difference between the model calculated effluent As(V) concentrations and the experimental results was calculated. Then the difference was squared and summed for all kinetic data collected in the δ-MnO2 only system to obtain the total squared errors (TSE). The SOLVER program in Excel was used to optimize the desorption rate coefficient for δ-MnO2 by minimizing TSE. Then the kd value for δ-MnO2 and those for ferrihydrite were used for predicting the kinetics of As(V) adsorption and desorption in the mixed mineral systems. 
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